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EVALUATION OF THE BREEDING VALUE OF HOLSTEIN BULLS OF AMERICAN BREEDING BASED
ON THE BLUP METHOD IN THE CONDITIONS OF THE KOSTANAY REGION
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This article discusses the use of the BLUP method for accurate and objective calculation of the indices
of the breeding value of Holstein bulls, as well as the comparison of indicators obtained by processing data
on the productivity of cows in the conditions of the Kostanay region with the indicators of the daughters of
American breeding. The indices of the breeding value of Holstein bulls were calculated taking into account
the formed database on the productivity of their offspring in the conditions of the Kostanay region, while 11
bulls were characterized as deteriorators, and the remaining 6 as improvers. A comparison of the breeding
value indices with the offspring of bulls of local and American breeding by determining the coefficient of rank
correlation between the results obtained in the conditions of Northern Kazakhstan and the indices known in
the USA showed that despite the high productivity indicators of their daughters, only 26.7% of them were
able to show their breeding qualities both in the native conditions of North America and in the conditions of

23



AYBIJILWWAPYALUBIIbLIK FbJIbIMAOAPDI CENbCKOXO3ANUCTBEHHBLIE HAYKU

farms of Kostanay region. Such bulls include ROYOLA ALTADONNIE 511H0O10522, FARNEAR-TBR
ALTAAVALON-ET 011H010360 and NO-FLA ALTADANNO-ET 011HO11198. The bulls studied included R-
E-W ALTA BAYSIDE 11HO08600, NO-FLA ALTADANNO-ET 011HO11198, MORNINGVIEW ALTA
TOYOTA 511HO10079, FARNEAR-TBR ALTAAVALON-ET 011H010360, ROYOLA ALTADONNIE
511HO10522 and BOMAZ ALTAPHONIC-ET 511HO10997.

Keywords: BLUP, Holstein breed, breeding value index.

OLIEHKA NNIEMEHHOW LLIEHHOCTU BbIKOB MOJILUTUHCKOM norPoabl AMJEPI/IKAHCKOVI
CENEKLN HA OCHOBE METOOA BLUP B YCNOBUAX KOCTAHANCKOU OBJTACTU

lManywa H.B. — kaHOuGam cenbCKOX0351UCMBEHHbIX HayK, accoyuupo8aHHbIl rpogheccop kagedpsi
mexHosoeauu rpouszsodcmea npodykmos xusomHogsodcmea, KocmaHalckuli peauoHarsbHbIU yHUgepcumem
um.A.batmypcbiHosa.

Mypamoe [.K. — obyvarowutica masucmpamypbl 1o cneyuanbHocmu 7M08201 — TexHornoeusi
npousgodcmea  npodykmos  xueomHosodcmea, KocmaHalickuli  pesuOHarnbHbili  yHU8epcumem
um.A.balimypceiHosa.

B OdanHOU cmambe paccmampueaemcsi ucriofib3ogaHue memodaBLUP dns mo4Ho20 U
00BbEKMUBHO20 8bIYUCIEHUSI UHOEKCO8 rniaeMeHHOU UeHHOCmU ObIKO8 20/UMUHCKOU nopodkl, a makxe
cpasHeHue rokalamersed, rosy4YeHHbIX rpu rnomMouwu obpabomku OaHHbIX O MPOCYKMUBHOCMU KOPO8 8
ycnosusix KocmaHatckol obnacmu ¢ nokazamesnsamu dodepel amepukaHckol cenekuyuu.bsin nposedeH
pacyem UuHOeKco8 rniIeMeHHOU UeHHOoCmMU ObIKO8 20/ILMUHCKOU Mopo0dbl ¢ y4emom cghopMuposaHHOU 6a3bl
OaHHbIX 0 MPOOyKmusHOCcmuU ux rnomomcmea 8 ycriosusix KocmaHatickol obnacmu, rpu amom 11 6bikos
oxapakmepu3osaHbl Kak yxyOwamesu, a ocmasbHble 6 kKak ynydYwamenu. CpasHeHue UHOeKco8
rnnemMeHHOU UeHHOCMU ¢ omomMcmeoM BbIKO8 MECMHOU U aMepuKaHCKOU ceniekuyuu rnymem onpedesieHus
KoaghcpuyueHma paHa2080l Koppensauuu MexoOy ory4YeHHbIMU pe3yribmamamus ycriogusix CesepHO20
KasaxcmaHa u uzeecmHbimu 8 CLIA uHOexkcamu rokasaso, 4mo HecMompsi Ha 6bICOKUE roKa3amenu
npodykmugHocmu ux dodepel mosbKo nuwb 26,7% U3 HUX CMO&aru rnposisUmb C80U MiIeMeHHbIE Kadecmea
Kak 8 podHbix ycrosusix CesepHol Amepuku, mak u 8 ycrosusix xossticmea KocmaHatickol obnacmu.
Kmakum 6bikam omHocsimcsi ROYOLA ALTADONNIE 511HO10522, FARNEAR-TBR ALTAAVALON-ET
011H010360 u NO-FLA ALTADANNO-ET 011HO11198. Cpedu uccrniedyembix bbiko8 bbiriu ommeyeHs! R-E-
W ALTA BAYSIDE 11HO08600, NO-FLA ALTADANNO-ET 011HO11198, MORNINGVIEW ALTA TOYOTA
511HO10079, FARNEAR-TBR ALTAAVALON-ET 011H010360, ROYOLA ALTADONNIE 511HO10522 u
BOMAZ ALTAPHONIC-ET 511HO10997.

Knoueesnie cnosa:BLUP, sonumuHckas nopoda, UHOEKC rnieMeHHOU UueHHoCcmu

KOCTAHAW OBJbICbl XXAFOAWBIHOA BLUP 9[ICI HETI3IHOE AMEPUKAHAObIK CENEKUUAHBIH
FONWTEWH T¥KbiMbl BYKAJTAPbIHbIH ACbINT T¥KbIMAbIK K¥HObINbIFbIH BAFATIAY

lManywa H. B. — Aybin wapyawblisbifbl fbiibiMOapbiHbiH KaHOUdamsbl, Mas wapyalblsibiFbl OHiMOepiH
©eHOipy mexHornoausicbl KagedpachiHbiH KaybiMOacmbipbliiFaH ripogeccopnbl A. balimypcbiHog ambiHOarbl
KocmaHal eHipnik yHusepcumemi.

Mypamoe [.K. — 7M08201 — Man wapyawbliibifbl 6HiMOepiH eHOipy mexHOno2usicbl MamMaHObIfbIHbIH
Mazucmpamypa 6inim anywsickl, A. baimypcbiHoe ambiHOafbl KocmaHal eHipriik yHusepcumemi.

byn makanala eonwmelH myKbiMbl 6yKanapblHbIH acbll MyKbiMObIK KYHObIIbIFbIHbIH UHOEeKCmepiH
Oas1 xxeHe obbekmuemi ecenmey ywiH BLUP adiciH KondaHy, coHOal-aK KocmaHal obnbicbi xardalibiHOa
cubipnapdbiq eHimOiniai myparbl depekmepdi amepukaHObIK CeleKUusi Kbi30apbiHbIH KepcemkiuimepiMmeH
©eHOey apKbliibl anblHFaH Kepcemkiuimepoi canbicmbipy Kapacmbipbliadbl. KocmaHat obnbickl xardalibiHOa
onapObiH ypriaKkmapbiHbiH ©HiMdiniei myparnbl KanbinmackaH Oepekmep 6a3acbiH eCcKepe OmbIpbir,
FonbwmetiH myKbiMbl ByKanapbiHbIH acbklil MyKbiMObIK KyHObINbIFbIHBbIH UHOeKcmepiHe ecenimey xypeaisinoi,
byn pemme 11 byka Hawapnamywsl, an KanraH 6 byka xakcapmywsl pemiHde cunammarndbl. Conmycmik
KasakcmaH xardalibiHOa anbiHFaH Homuxenep meH AKLL-ma 6eneini uHOekcmep apacbiHOarbl Gspexerik
Koppensayusi kKoaghhuyueHmiH aHbiKmay apKblifibl acblii mMyKbIMObIK KYHObIMbIK UHOEKCMEePIH xepainikmi
XoHe amepukaHObiK cenekyusiOarbl OykanapObiH ypriaKkmapbiMeH canbicmblpy 0n1apobiH Kbi30apbiHbIH
OHimMOinieiHiH Xofapbl KepcemkiuimepiHe KapamacmaH, onapdbiH mek 26,7%-bl faHa ©630epiHiH acbin
myKbIMObIK KacuemmepidH Conmycmik AmepukaHbiH myfaH xardalisiHOa Oa, cosn cusikmbl Conmycmik
AmMepukaHbIH myFaH xardalibiHOa 0a Kepceme arnFaHbiH Kepcemmi. Kocmarali 061ibICbIHbIH WapyawbibIK-
mapbl. MyHOal 6ykanapra ROYOLA ALTADONNIE 511HO10522, FARNEAR-TBR ALTAAVALON-ET
011H010360 xeHe NO-FLA ALTADANNO-ET 011HO11198 kipedi. SepmmenzeH bykanapobiH iwiHoe R-E-
W ALTA BAYSIDE 11HO08600, NO-FLA ALTADANNO-ET 011HO11198, MORNINGVIEW ALTA TOYOTA
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511HO10079, FARNEAR-TBR ALTAAVALON-ET 011H010360, ROYOLA ALTADONNIE 511H0O10522
xoHe 0e BOMAZ ALTAPHONIC-ET 511HO10997.
TytiHdi ce3dep: BLUP, eonwmelH myKbIMbl, acbiii myKbIMObIK KYHObINbIK UHOEKCI

Introduction. At the present stage of development of breeding work in the world, the main criteria for
the selection of breeding bulls is the objectivity and reliability of the obtained indicators of breeding value. An
accurate and complete forecast will allow farmers to reduce possible economic risks when choosing genetic
material. The breeding value of a bull is precisely the predicted data, expressed by a deviation for the better
or for the worse comparing the average value in the herd [1]. K.Zhumanov in his work notes that methods of
determining the breeding value in our country by comparing the productivity of a daughter-a peer, or a
daughter-a breed standard do not meet modern requirements and cannot give a complete picture of the
feasibility of using a breeding bull, or its genetic material in the farm. However, in Western countries,
complex mathematical models are successfully used to calculate this indicator, and one of such methods is
the method of constructing the best linear unbiased prediction (BLUP) [2, pp.155-156].

Scientific novelty: in the conditions of the economy of the northern region of the Republic, a study
was conducted of the index of breeding value of Holstein bulls, taking into account a complex of various
characteristics, including the productive qualities of daughters raised in these conditions. Based on the BLUP
method, the principles of calculating the predicted indices of breeding value of various countries, such as TPI
(USA). LPI (Canada), RZG (Germany), etc. are constructed. The use of this method makes it possible to
assess the breeding value of the animals being tested, despite the observed paratypical differences in the
populations where their offspring are used.

Theoretical and practical significance: The introduction of the BLUP breeding value index has
become an important achievement in the field of dairy cattle breeding. The conducted research will allow to
reveal in detail the value of the indicators of this index in the selection of bulls-producers. V.Y. Khainatsky
defines the BLUP method as a statistical method of calculation, which takes into account the influence of
phenotypic and genotypic factors. This model is used as a means of describing data, which includes various
paratypical factors that can have a great impact on the productive qualities of cows. Different types of
models are used for calculations, for example, the so-called paternal model was designed to evaluate
animals according to the qualitative indicators of their offspring [3, p.21].

The BLUP method takes into account both environmental and genotype factors affecting the variability
of the studied traits. The simultaneous assessment of these factors provides a reliable, unbiased forecast of
the evaluation of the breeding value of bulls, thereby increasing the probability of selecting producers with
the best hereditary characteristics [4, pp.94-96].

The application and adaptation of the BLUP method in breeding work in the conditions of Kazakhstan
will allow for better analysis and planning of breeding work, as well as significantly increase its effectiveness.
The breeding value calculated by the BLUP method shows by what amount the probable genotype of the
tested producers deviates according to the studied trait from the average genetic value of the other bulls
involved in the assessment. S.N. Kharitonov also notes that, unlike other methods of assessing breeding
value, the BLUP method differs in a very important parameter - it is statistical non-bias. Statistical bias in
calculations is possible under the condition of simultaneous fixation of the breeding value and the influence
of paratypical factors [5, p.77].

Objective: To determine the breeding value of Holstein bulls using the BLUP method, to establish a
correlation between the productivity of Holstein cows raised in Northern Kazakhstan with the daughters of
American breeding.

Tasks:

1. Calculate the indices of breeding value of bulls, taking into account the formed database on the
productivity of the offspring of the Holstein breed in the conditions of the Kostanay region;

2. To compare the indicators of the calculated indices of breeding value with the indices obtained from
the certificates of these bulls and calculate the coefficient of rank correlation;

3. Identify the best breeding bulls for further use on the farm and form recommendations for improving
breeding work.

The material and methodology of the study. The study was conducted on the basis of data
obtained during the study of the productivity of Holstein cows in Saryagash LLP, Kostanay region and
breeding certificates of Holstein bulls from the AltaGenetics company website.

The breeding value indices were calculated using the special BLUP SM (Sire Model) software in the
RStudio environment (Fig.1). This model allows us to take into account such factors as independent
variables - in this case, the effect of the year of birth of cows, the father effect and the residual effect, which
can influence the dependent variable - milk yield.

The model describes the situation in the population, which takes into account the influence of
environmental factors and heredity on the studied indicator and how much its effectiveness will depend. The
year of birth of cows (year) was chosen as a paratypical factor, and the selected indicator is milk yield (y).
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@) Rstudie
File Edit Code View Plots Session Build Debug Profile Tools Help
O -0glsr-l | B & || A Gotefile/function - Addins ~

@] blup_sir test 1 (2).R*

H (Jsourceonsave | @ A«

Y SS5R <- T(DL)%"%Xy # PerpecCMOHHHE CyMMEl KEAAPATOE DXy<-T (DL J%*%Xy

71 ul<-g[(rx2+1):(rx2+rz)]
72 Zy<-Y[(rx2+1):(rx2+rz)]
73 uZy<-t(ul)%*%zy

74

75 SSE <- SS5T-55R-UZy # OCTaTOUHHA 30@ekT

76

77 sigmae<-55E/(n-(rXx2)) # OCTaTOYHAA EApWaHca
78

79 u2<-2%*ul
80 osh2 <- diag(Minv)*sigmae
81 osh =- sgrt(osh2)

83 uu <- tlul)%*%ul
84 diagMinv <- diag(Minv)
85 trc22 <- sum(diagMinv[rx2+1:rz]) # cneg MATPWUL C22

87 sigmas <- (uu+sigmae*trc22)/rZ # GAKTOPWANEHAA EBAPWAHCA

89 kn <- sigmae/sigmas
90 kn =- kn[1:1]
91 pr =- k-kn

93 PEV =- diagMinv*sigmae
94 SEP =- sqrt(PEV)

95 REL =- 1-PEV/sigmas

96 Rez =- cbind(g,PEV,REL,Y)

99 write.table(Rez,"C:/Users/Joc/Desktop,/P/F5GOLRESD. txt")
86:1 | E3 (Untitled) =

Figure 1 - The process of calculating the breeding value index in the R Studio environment

The data for the study were obtained from the primary zoo technical documentation of the farm and
the republican information and analytical system (IAS), where 17 bulls of American breeding were selected,
as well as 220 daughters belonging to the Holstein breed, while the main criteria were the number of
offspring per bull and their milk yield. The study used indices of the breeding value of the same bulls from the
Alta Genetics website, in order to compare them.

The rank correlation coefficient was calculated using Spearman's formula, it has the following form:

632
" n(n2-1) M

Where:

r — rank correlation coefficient
S d? - sum of squares of rank difference
n — number of observations

Research results. Before starting the calculations, data processing was carried out for the
correctness of the program, respectively, each bull and their daughters were left with only a numerical
designation.

The results of calculations of breeding value indices are stored in a separate text document (Table 1),
where the years of birth of cows are indicated as a paratypical factor, the breeding value index itself (NM$),
the reliability of the calculation results (Rel) and the total milk yield of daughters for each bull (y) as a
selectable trait.
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Table 1 — The results of calculating the breeding value index according to the BLUP method according
to the productivity data of the daughters of the Holstein breed in the conditions of the Kostanay region

ID of bulls (sire) B{fgg)‘(”&‘,(j‘é‘;e Reliability indicator (Rel) | Total milk yield by daughters (y)
011HO08230 -303,07 0,375647 92966
011HO08385 -20,4688 0,269719 64039,6
011HO08600 47,58927 -0,15388 16981
011HO09956 10,3875 0,200095 54047
011HO10631 162,646 0,414412 134350
011HO10663 -09,0375 0,179033 43782
011HO11198 218,4012 0,426708 146299
011HO11227 -29,0671 0,310971 898284
511H009497 73,4817 0,029267 20299
511HO09861 -24,3624 0,301229 74475
511HO10079 26,18088 0,457417 136698
011H010360 231,2318 0,326992 96441,
511HO10500 -27,9586 0,180762 45344
511HO10522 128,1886 0,286232 88660,4
511HO10676 -60,7519 0,31466 77792,4
511HO10997 227,1007 -0,01414 21980
511HO11112 77,6892 0,268357 62242

As can be seen from Table 1, a larger number of offspring provides a higher confidence score (Rel), a
negative value of this indicator indicates a low number of studied individuals in the offspring, in this case
there is a small number of daughters in bulls NO-FLA ALTADANNO-ET 011HO11198 and ROYOLA
ALTADONNIE 511H0O10522 and, accordingly, a low confidence score. The breeding value index (NM$)
indicates whether a certain bull is an improver (positive index value), or a degrader (negative index value) in
comparison with other bulls in the farm. In this case, out of 17 bulls, 11 are degraders according to their
negative value of the BLUP score, the remaining 6 received a positive value, which characterizes them as
improvers. The indicator of total milk yield for daughters indicates that most of the milk yield falls on cows
whose fathers were characterized as improvers.

Table 2 - Comparison of the indices of breeding values calculated according to the productivity
of Holstein cows, as well as data on the productivity of daughters of foreign breeding

Breeding value index Breeding value
Ne Nickname and ID of the bull Linear affiliation | based on the results index according
of calculations to AltaGenetics
1 LADYS-MANOR AUGUSTA R.Sovering
011HO08230 -303,07 -264
2 MR MINISTER 011HO08385 W.B.ldeal -20,4688 54
3 R-E-W ALTA BAYSIDE W.B.ldeal
011HO08600 47,58927 -148
4 MORSAN ALTALOCKLYN W.B.ldeal
011HO09956 -10,3875 2
5 DINOMI ALTADETROIT-ET W.B.ldeal
011HO10631 -162,646 85
6 SCHILLVIEW ALTA UNITED R.Sovering
011HO10663 -99,0375 116
7 NO-FLA ALTADANNO-ET W.B.ldeal
011HO11198 218,4012 111
8 ALTAWISEMAN-ET W.B.ldeal
011HO11227 -29,0671 -381
9 GLEN-TOCTIN ALTAOMAX- W.B.Ideal
ET 511HO09497 -73,4817 -10
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10 ALTA SAMUARI 511HO09861 | W.B.Ideal -24,3624 -50
11 MORNINGVIEW ALTA W.B.Ideal

TOYOTA 511HO10079 26,18088 -173
12 FARNEAR-TBR W.B.Ideal

ALTAAVALON-ET

011H010360 231,2318 4
13 DE-SU ALTAGATOR-ET R.Sovering

511HO10500 -27,9586 -102
14 ROYOLA ALTADONNIE R.Sovering

511HO10522 128,1886 288
15 AMMON-PEACHEY TRADER | W.B.Ideal

511HO10676 -60,7519 308
16 BOMAZ ALTAPHONIC-ET W.B.Ideal

511HO10997 227,1007 -68
17 ROSYLANE-LLC W.B.Ideal

ALTASTEWART-ET

511HO11112 -77,6892 414

In Table 2, we can see a strong difference in the indices of breeding value in almost every animal,
however, the LADYS-MANOR AUGUSTA 011HO08230 bull of the Reflection Sovering line has relatively
similar results for both groups of offspring. Also worth noting among the bulls are R-E-W ALTA BAYSIDE
11HO08600, NO-FLA ALTADANNO-ET 011HO11198, MORNINGVIEW ALTA TOYOTA 511HO10079,
FARNEAR-TBR ALTAAVALON-ET 011H010360, ROYOLA ALTADONNIE 511HO10522 and BOMAZ
ALTAPHONIC-ET 511HO10997, which were characterized as improvers according to their value of the index
of breeding value, however, only bulls ROYOLA ALTADONNIE 511HO10522 FARNEAR-TBR
ALTAAVALON-ET 011H010360 and NO-FLA ALTADANNO-ET 011HO11198 were able to show their
genetic potential both in Kazakhstan and in North America. It is worth noting that despite the positive value of
the breeding value index according to AltaGenetics, the bulls ROSYLANE-LLC ALTASTEWART-ET
511HO11112, AMMON-PEACHEY TRADER 511HO10676, SCHILLVIEW ALTA UNITED 011HO10663,
DINOMI ALTADETROIT-ET 011HO10631 and MR MINISTER 011HO08385 in the conditions of the
Kostanay region economy received a negative index value, which characterizes them as degraders,
respectively, the use of genetic material of these bulls is impractical. The same applies to the bulls LADYS-
MANOR AUGUSTA 011HO08230, ALTAWISEMAN-ET 011HO11227, GLEN-TOCTIN ALTAOMAX-ET
511H0O09497, ALTA SAMUARI 511HO09861 and DE-SU ALTAGATOR-ET 511HO10500, which are
characterized as degraders in both cases.

The correlation coefficient was calculated according to the breeding value index (NM$) to find out
whether the bulls producers are able to show their breeding value in relatively different conditions of lactation
of their daughters.

Substituting the finished data after ranking, we determine the coefficient of rank correlation according
to Spearman's formula (1) between cows grown in the conditions of the Kostanay region farm and cows of

American breeding:

6598
r=1-—————=1-0,733 =0,267
17(172-1)

The rank correlation coefficient indicates that only 26.7% of the studied bulls of American breeding
showed their breeding qualities in the conditions of northern Kazakhstan, which indicates clear differences in
paratypical factors and environmental conditions.

Conclusion. According to the tasks set , the following results were obtained:

1. The indices of breeding value of Holstein bulls were calculated taking into account the formed
database on the productivity of their offspring in the conditions of the Kostanay region, while the main part of
the bulls, namely 11 heads received a negative index of breeding value, which characterizes them as
degraders in the conditions of this farm, and the remaining 6 received a positive index of breeding value.

2. A comparison of the indicators of the breeding value index with the offspring of bulls of local and
American breeding by determining the correlation coefficient according to the indices of breeding value
showed that despite the high productivity indicators, only 26.7% of them were able to show their breeding
qualities both in the native conditions of North America and in the conditions of the Kostanay region
economy. These bulls include ROYOLA ALTADONNIE 511HO10522, FARNEAR-TBR ALTAAVALON-ET
011H010360 and NO-FLA ALTADANNO-ET 011HO11198.

3. Among the bulls studied, R-E-W ALTA BAYSIDE 11HO08600, NO-FLA ALTADANNO-ET
011HO11198, MORNINGVIEW ALTA TOYOTA 511HO10079, FARNEAR-TBR ALTAAVALON-ET
011H010360, ROYOLA ALTADONNIE 511HO10522 and BOMAZ ALTAPHONIC-ET 511HO10997 were
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noted, which were characterized as improvers according to their index value of breeding value. The use of
the genetic material of these bulls will allow to comprehensively improve the productivity of the herd.

Studies based on milk productivity indicators in daughters of different ages using the BLUP method
have objectively demonstrated the possibility of this method when calculating such a parameter as breeding
value. Carrying out similar calculations for all parameters defined for the dairy industry to increase the
efficiency of all breeding work on the breeding value of the producer from the point of view of the quality of
the offspring is impossible without the use of modern methods of assessing the breeding value, which makes
it possible to determine the value of bulls with high reliability and predict the productivity of offspring.
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